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The increase in body weight in congestive heart failure is generally attributed to the retention of sodium and water in the extracellular compartment. Important changes also occur in the intracellular space, particularly in the metabolism of potassium. The isotope-dilution technic permits more precise determination of the exchangeable potassium content of the body in congestive failure before and during diuresis. The results of 27 such determinations in 11 patients with congestive heart failure are correlated with the clinical status of the patient and the serum concentration.
IT HAS generally been assumed that an increase in body weight that occurs during congestive heart failure is due to retention of sodium and water in the extracellular compartment. Recent studies, however, have suggested that changes also occur in the intracellular phase, and in the metabolism of potassium as well as sodium.'-3 The external balance method, which has been used in most previous studies of this problem, does not permit the direct measurement in vivo of the body's potassium content. This difficulty can be overcome by the use of the isotope-dilution technic -a technic that has previously been applied to studies on the pathophysiology of other disease states. 4 The purpose of the present study was to determine MATERIAL AND METHODS Subjects. Eleven patients with advanced congestive failure, 8 men and 3 women, were studied. Their ages ranged from 48 to 83 years. In 4 subjects, the cause of the congestion was rheumatic heart disease; in 4 subjects, arteriosclerotic heart disease; in 2 subjects, pulmonary fibrosis and emphysema with cor pulmonale; and in 1 subject, syphilitic heart disease. Most of these individuals had previously been followed in the Outpatient Clinic and had received maintenance doses of digitalis, ammonium chloride, and aminophylline, and periodic injections of a mercurial diuretic. Only 1 patient (case 5) had not previously been treated with digitalis. When admitted to the hospital, all had gross edema.
The general plan was to make at least 2 determinations of the exchangeable potassium content, the serum concentrations of sodium and potassium, and the body weight during hospitalization. In some instances, 3 or more observations were made.
All patients received a diet containing not more than 400 mg. of sodium; water was given without restriction. A summary of the clinical data and the type of therapy employed is given in table 1.
Isotopes. Isotopic potassium (K42) * was prepared for injection in the manner previously described. 4 Measurement of Radioactivity. The activity of the urine specimens was determined with a well-type scintillation counter and a scaling circuit. A total of 10,000 counts was made on each sample. All determinations were corrected for decay.
Determinations of Serum Sodium and Potassium. The sodium and potassium concentrations in the serum were determined with a Baird flame photometer, using the lithium internal standard method. Determination of Exchangeable Potassium Content (Ke). Each subject received from a calibrated syringe an intravenous injection of 1.5 .c. of K42/Kg. of body weight. All urine voided thereafter until 6 a.m. the following day was collected, and the K42 content of the pooled specimen was determined. Determinations of the specific activity were made on 3 spot samples of urine obtained at 8, 9, and 10 a.m. the day after injection.
The mathematical calculation of the value for the exchangeable potassium content of the body has been described in detail previously. 4, 6 Preliminary studies in this laboratory confirmed the observations of Corsa and his associates5 that the specific activity of K42 in the urine reaches an equilibrium in both diseased and normal subjects within 18 hours. The mean difference in specific activity among the 3 spot specimens, when expressed as percentage of the mean Ke, was 4.57 2.76 per cent. In another group of 11 hospitalized subjects who were in a steady state, 2 K,, determinations made in this laboratory within a period of 2 weeks agreed within a mean of 2.12 ± 1.10 per cent. RESULTS
A total of 27 Ke determinations was made-2 determinations on each of 8 individuals, and more than 2 in the remaining 3 patients. The determinations were made at the intervals specified in table 1. 10) died with old and new pulmonary infarctions. All 3 of these patients lost weight and showed a decrease in the Ke and in the serum sodium concentration; the serum potassium concentration did not change.
In only 1 instance (case 11) did both the body weight and the Ke increase during the period of observation. In this patient the initial value for serum sodium was low, and it increased between the 2 Ke determinations; the serum potassium concentration remained unchanged.
DIscussIoN
Previous studies on the pathophysiology of electrolyte and water metabolism in congestive failure have been hampered by the lack of a suitable method for measuring changes in the intracellular compartment. The isotopic dilution technic makes it possible to measure, directly in the living subject, changes in the exchangeable body content of potassium ion, which is located predominantly within the cells. The technic is relatively simple and convenient; the measurements are reproducible to a striking degree, and rather small changes in the body content of potassium (of the order of 100 mEq.) can be detected.
Changes in Exchangeable Potassium (Ke). A low value for K,/wt. may be expected whenever there is an increase in the relative fat content or in the extracellular fluid and electrolytes (that is, a relative decrease in cell mass). A low absolute value for Ke will occur when muscle mass is decreased, or when there is a depletion of intracellular potassium in the presence of a relatively normal or low cell mass.
In an edematous subject, a low value for Ke/wt. and a concomitant low absolute value for Ke suggest a depletion of intracellular potassium, a decrease in lean muscle mass, or both, in association with a relative increase in the volume of extracellular fluid. The value for exchangeable potassium per kilogram may rise simply with a loss of body water, but the changes observed in this moiety were considerably greater than could be accounted for by water loss alone. Six of the 7 patients who improved clinically during the present study showed an increase in the absolute value for exchangeable potassium content at a time when the body weight decreased and diuresis occurred. This sequence suggests either that lean tissue mass actually increased as the patients improved, or that a depletion of intracellular potassium had occurred as congestive failure developed. Squires, Crosley, and Elkinton,' in their study of the same problem by the external metabolic balance method, have shown that the positive potassium balance that de-velops during therapy of congestive failure is out of proportion to the increase in nitrogen balance-a finding that suggests a prior depletion of potassium. The relative magnitude of positive potassium balance observed in their study was comparable to the increase in exchangeable potassium content found in the present study. Similar results have also been obtained by other investigators using the external balance method.2 3 8 9 It has been previously reported that the failing heart is depleted of potassium to an extent that is dependent upon the degree of myocardial insufficiency,'0' " and that this depletion of potassium is shared by other body tissues such as skeletal muscle.'2 The results of the present study give quantitative expression to this impression. This intracellular depletion of potassium, amounting to a maximum of 32 
